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(57) Abstract: A method for controlling SRAM data read-write,

Fig.2

an integrated circuit and a LCD device having the integrated circuit

are provided. The method comprises the following steps: writing data into a SRAM in series when a serial read-write pulse signal
& is at valid level; performing AND operation or OR operation between the serial read-write pulse signal and an internal scan clock
& signal in the SRAM to generate a parallel read pulse signal, and setting the valid level of the parallel read pulse signal as reverse
to the valid level of the serial read-write pulse signal; and reading out the data from the SRAM in parallel when both the internal
scan clock signal and the parallel read pulse signal are at valid levels. By setting the valid level of the serial read-write pulse signal
and the valid level of the parallel read pulse signal to occur in alternate, the method prevents time sequence conflict between serial
read-write and parallel read, and thereby ensures correct data read-write.
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Method for Controlling SRAM Data Read-Write, Integrated Circuit and
Liquid Crystal Display Device with the Integrated Circuit

Field of the Invention

The present invention pertains to semiconductor memory field, particularly relates to a
method for controlling SRAM data read-write, an integrated circuit and a liquid crystal display

device with the integrated circuit.

Background of the Invention

Today, in many middle-size or small-size liquid crystal display (LCD) devices, the driver
chip has a built-in Static Random Read-write Memory (SRAM), which is configured to store
various data and support 16-bit, 18-bit, or 24-bit serial data read-write and parallel read the
stored data under control of row decoder, column decoder, write buffer and read/write circuit.
Since the time sequence for serial read-write is provided by the read-write clock from an
external Micro Control Unit (MCU), and the time sequence for parallel read is provided by the
internal scan clock in the SRAM, there is possibility that serial read-write to a memory unit or
byte in the SRAM is carried out while the sane memory unit or byte is read out in parallel. In
usual, the read/write operation of SRAM is controlled with a read/write control bus, for
example, for a 6-transistor (6T) SRAM, it is difficult to avoid the conflict between serial
read-write and parallel read; especially, if serial write to a memory unit is carried out before the

data is read from the memory unit in parallel, it is easy to result in data loss.

The solution for above problem in the prior art is to connect a First-In-First-Out (FIFO)
circuit module between the SRAM and the MCU serially, such as the FIFO circuit module
(hereinafter abbreviated as FIFO) shown in Fig.1. Actually, the so-called FIFO is a dual-port
8T SRAM. The fundamental principle of the solution shown in Fig.1 is: the external MCU
writes the data serially to the FIFO through the DATA_BUS at its own serial writing clock rate
(i.e., the external clock shown in Fig.1), and the SRAM reads the data sent by the MCU to the
FIFO in parallel at its internal scan clock rate (i.e., the internal clock shown in Fig.1). Since a
FIFO is used, the data written into the FIFO in the first will be read out by the SRAM in the
first. If the FIFO is already full before the data in the FIFO is read out by the SRAM, FIFO
will feed back a SRAM_BUSY signal to the MCU; then, the MCU will not further write data
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into the FIFO, in order to avoid data loss.

Such a solution usually requires that the area of the FIFO must be very small, otherwise
the data read-write rate will be limited. However, in a driver chip with a built-in SRAM in a
LCD device, the area of the SRAM is usually accounts for 75% of the area of the entire driver
chip; in addition, a 8T SRAM that serves as FIFO is much larger than a 6T SRAM; therefore,
in terms of data read-write rate and FIFO area, the existing solution can't be used widely in

small-size chips.

In general, the application of FIFO in the prior art causes larger driver chip area and
therefore is adverse to large-scale application in chips. In addition, the cost and power

consumption of such a driver chip are high.

Summary of the Invention

The object of the present invention is to provide a method for controlling SRAM data
read-write, an integrated circuit and a LCD device with the integrated circuit, in order to
eliminate the conflict of time sequence between serial read-write and parallel read and prevent

large chip area caused by application of a FIFO circuit module.

The present invention provides a method for controlling SRAM data read-write,

comprises following steps:
writing data into a SRAM in series when a serial read-write pulse signal is at valid level;

performing AND operation or OR operation between the serial read-write pulse signal and
an internal scan clock signal in the SRAM to generate a parallel read pulse signal, and setting
the valid level of the parallel read pulse signal as reverse to the valid level of the serial

read-write pulse signal; and

reading out the data from the SRAM in parallel when both the internal scan clock signal

and the parallel read pulse signal are at valid levels.

The present invention further provides an integrated circuit comprising a SRAM, wherein

the integrated circuit further comprising:

a read-write control circuit, configured to receive a serial read-write pulse signal and an
internal scan clock signal in the SRAM, perform AND operation or OR operation between the

serial read-write pulse signal and the internal scan clock signal in the SRAM to generate a
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parallel read pulse signal, and set the valid level of the parallel read pulse signal as reverse to
the valid level of the serial read-write pulse signal, and trigger reading data from the SRAM in
parallel when both the internal scan clock signal and the parallel read pulse signal are at valid

levels.

The present invention yet provides a liquid crystal display (LCD) device, comprising a
drive integrated circuit, wherein the drive integrated circuit is the integrated circuit provided in

the present invention.

In the present invention, logical operation (AND operation or OR operation) between the
serial read-write pulse signal from an external MCU and the internal scan clock signal in the
SRAM is performed in an read-write control circuit, to obtain a parallel read pulse signal,
which has the same waveform as the serial read-write pulse signal when the internal scan clock
signal is at valid level; in that way, as long as the valid level of the parallel read pulse signal is
set as reverse to the valid level of the serial read-write pulse signal, no time sequence conflict
between serial read-write and parallel read will occur, and therefore the correctness of data

read-write can be ensured.

Brief Description of the Drawings

Fig.1 is a schematic diagram of a solution that controls serial read-write asynchronous to

parallel read in the prior art;

Fig.2 is a flow diagram of the method for controlling SRAM data read-write provided in

the present invention;

Fig.3A is a schematic diagram of processing the internal scan clock signal and the serial

read-write pulse signal with an AND gate to generate the parallel read pulse signal;

Fig.3B is a schematic diagram of processing the internal scan clock signal and the serial

read-write pulse signal with an OR gate to generate the parallel read pulse signal;
Fig.4A is a timing sequence diagram of the signals shown in Fig.3A;
Fig.4B is a timing sequence diagram of the signals shown in Fig.3B;

Fig.5 is a signal timing sequence diagram in a preferred embodiment of the present

invention;
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Fig.6 is a schematic diagram of connection between the integrated circuit provided in the

present invention and external components; and

Fig.7 is a structural diagram of the SRAM applied in the present invention.

Detailed Description of the Embodiments

In order to make the object, the technical solution, and the advantages of the present
invention understood better, hereafter the present invention will be further detailed in the
embodiments, with reference to the accompanying drawings. It is understood that the
embodiments described here are only provided to explain the present invention, and shall not

be deemed as constituting any limitation to the present invention.

Fig.2 shows a flow diagram of the method for controlling SRAM data read-write provided

in the present invention. The method will be detailed as follows:

In step S201, when a serial read-write pulse signal is at valid level, the data are written

into the SRAM.

The valid level of the serial read-write pulse signal can be set as high level or low level as
required, which is to say, in step S201, the serial data read/write is performed during the serial

read-write pulse signal (read-write clock signal of MCU) is at high level or low level.

In step S202, AND operation or OR operation is performed between the serial read-write
pulse signal and the internal scan clock signal in the SRAM to generate a parallel read pulse
signal, and the valid level of the parallel read pulse signal is set as reverse to the valid level of

the serial read-write pulse signal.

Wherein, the AND operation/OR operation is accomplished with the AND gate shown in
Fig.3A or the OR gate shown in Fig.3B. The internal scan clock signal and the serial
read-write pulse signal are inputted to the two input terminals of the AND gate/OR gate, and
the parallel read pulse signal is outputted from the output terminals of the AND gate/OR gate.
The parallel read pulse signals obtained through AND operation/OR operation are shown in
Fig.4A and Fig.4B respectively; wherein, the parallel read pulse signal shown in Fig.4A is
obtained through AND operation, while the parallel read pulse signal shown in Fig.4B is
obtained through OR operation.

The valid level of the internal scan clock signal can be set as high level or low level as
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required. It is seen from Fig.4A and Fig.4B, during AND operation, the parallel read pulse
signal is synchronous to the serial read-write pulse signal when the internal scan clock signal is
at high level; whereas, in OR operation, the parallel read pulse signal is synchronous to the
serial read-write pulse signal when the internal scan clock signal is at low level. Therefore,
the level of the internal scan clock signal shall be set as its valid level when the waveforms are
synchronous, i.e., during AND operation, the valid level of the internal scan clock signal is
high level; and during OR operation, the valid level of the internal scan clock signal is low

level.

In addition, in order to avoid conflict with the time sequence of serial read-write, it is
required to set parallel data read being performed when the serial read-write pulse signal is not
at its valid level, i.e., the valid level of the parallel read pulse signal must be set as reverse to
the valid level of the serial read-write pulse signal. For the setting, there are four cases, as

shown in Table 1:

Table 1
Valid Level of
Valid Level of Serial Valid level of Internal Logical
Case Parallel Read Pulse
Read-write Pulse Signal Scan Clock Signal Operation

Signal
1 Low Low OR High
2 Low High AND High
3 High Low OR Low
4 High High AND Low

Case 1: serial data read-write is performed when the external serial read-write pulse signal
is at low level, while parallel read is performed when the internal scan clock signal is at low
level. In that case, OR operation can be performed between the serial read-write pulse signal
and the internal scan clock signal in an read-write control circuit to generate a parallel read
pulse signal; specifically, the two clock signals are inputted to the OR gate circuit shown in
Fig.3B, and the output signal from the OR gate circuit is taken as the parallel read pulse signal.
In that case, the valid level of the parallel read pulse signal is high level, as shown in Fig.4B,
when the internal scan clock signal is at low level, the valid level of the serial read-write pulse
signal and the valid level of the parallel read pulse signal occur in alternate; therefore, conflict

between serial read-write and parallel read can be avoided.
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Case 2: serial data read-write is performed when the external serial read-write pulse signal
is at low level, while parallel read is performed when the internal scan clock signal is at high
level. In that case, AND operation can be performed between the external read-write clock
signal and the internal scan clock signal in an read-write control circuit to generate a parallel
read pulse signal; specifically, the two clock signals are inputted to the AND gate circuit
shown in Fig.3A, and the output signal from the AND gate circuit is taken as the parallel read
pulse signal. In that case, the valid level of the parallel read pulse signal is high level, as
shown in Fig.4A, when the internal scan clock signal is at high level, the valid level of the
serial read-write pulse signal and the valid level of the parallel read pulse signal occur in

alternate; therefore, conflict between serial read-write and parallel read can be avoided.

Case 3: This case is essentially similar to Case 1, with the difference as: the valid levels of
serial read-write pulse signal and parallel read pulse signal are reverse to those in Case 1;

however, they also occur in alternate; therefore, this case will not be described any more.

Case 4: This case is essentially similar to Case 2, with the difference as: the valid levels of
serial read-write pulse signal and parallel read pulse signal are reverse to those in Case 2;

however, they also occur in alternate; therefore, this case will not be described any more.

In any of the above four cases, the read-write control circuit (such as the AND gate circuit
and the OR gate circuit) can be arranged in a same integrated circuit as the SRAM. The
integrated circuit can be used as a drive integrated circuit of a LCD device, and work with a
MCU and some peripheral devices to constitute a driver module of the LCD, which controls
serial data read-write from/to the SRAM and parallel data read from the SRAM, without the

conflict of time sequence.

In step S203, when the parallel read pulse signal is at valid level, the data in the SRAM is
read out in parallel. Since the serial read-write pulse signal is not at valid level when the
parallel read pulse signal is at valid level, the case of synchronous serial read-write and parallel

read will not occur.

In any of the four cases described in step S202, reading data in parallel is performed when
the parallel read pulse signal is at valid level in step S203; then, step S201 is repeated to further

perform serial data read-write, and then parallel data read will be performed again.

However, the serial read-write pulse signal is provided from an external MCU and the

speed is very high, but the speed of the internal scan clock signal in SRAM is relatively low,
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up to one third of the serial read-write speed at the most. Therefore, in a clock cycle of the
internal scan clock, the valid level of the serial read-write pulse signal appears several times, as
shown in Fig.4A and Fig.4B. However, since the SRAM scan address is constant in a same
clock cycle of the internal scan clock, parallel data read for a same address will be performed
in the same clock cycle; such repeated parallel read will cause severe waste in power

consumption.

In order to reduce power consumption, the method provided in the present invention
further comprises: reading twice consecutively for the same memory address during reading
data from the SRAM in parallel. Fig.5 shows a timing sequence diagram in a preferred
embodiment of the present invention, wherein, for example, in Case 1 described in step S202,
the preferred embodiment employs a counter to count the pulse signals obtained by logical OR
operation between the internal scan clock signal and the serial read-write pulse signal
according to the clock signal of the counter, and count twice, i.e., count twice the high level of
serial read-write pulse signal when the internal scan clock signal is at low level (valid level), so
as to ensure correct data reading and reduce power consumption. The counter can be built in
the drive integrated circuit of the LCD device. Wherein, the reason for counting twice is: in
view that the serial read-write pulse signal and the internal scan clock signal are two irrelevant
clock signals, it is difficult to ensure the counted first pulse is an entire high level pulse after
logical OR operation, as shown in the timing sequence diagram in Fig.5; if the counter only
counts once, it is difficult to ensure correct data reading; therefore, the counter must be
configured to count twice the clock signal output from the OR gate circuit, to ensure the second
high level signal counted by the counter is an entire pulse and ensure the data read out from the

memory unit is correct after twice data reading operations.

Likewise, if the valid level of the serial read-write pulse signal and the valid level of the
parallel read pulse signal are set as the valid level in Case 2, 3, or 4 described in step S202, the
counter must be configured to count twice the pulse signal output from the logical gate circuit,

respectively.

Fig.6 is a schematic diagram of the connection between the integrated circuit provided in
the present invention and external components; for the convenience of description, only the

parts related to the embodiment of the present invention are shown.

The integrated circuit provided in the present invention comprises a SRAM; wherein, the

integrated circuit further comprises: a read-write control circuit, configured to receive a serial
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read-write pulse signal and an internal scan clock signal in the SRAM, perform AND operation
or OR operation between the serial read-write pulse signal and the internal scan clock signal in
the SRAM to generate a parallel read pulse signal, set the valid level of the parallel read pulse
signal as reverse to the valid level of the serial read-write pulse signal, and trigger reading data
from the SRAM in parallel when both the internal scan clock signal and the parallel read pulse

signal are at valid levels.

Wherein, as shown in Fig.6, an external MCU is directly connected to the SRAM, without
the need for any FIFO circuit module in the prior art. The MCU performs serial data
read-write through a DATA_BUS when the serial read-write clock signal is at valid level; the
SRAM performs parallel data reading when both the internal scan clock signal and the parallel

read pulse signal are at valid levels, and reads out the data into a data read-out latch.

The read-write control circuit mainly comprises a logical gate, which can be an AND gate
circuit or an OR gate circuit with two input terminals and one output terminal, wherein, the two
input terminals are configured to input the internal scan clock signal and the serial read-write
pulse signal and the output terminal is configured to output the parallel read pulse signal.
According to the Table 1 and the four cases described above, the AND gate circuit/OR gate
circuit performs AND operation or OR operation between the internal scan clock signal and the

serial read-write pulse signal to generate a parallel read pulse signal.

Corresponding to the preferred embodiment of the method described above, the read-write
control circuit further comprises: a counter, configured to count the parallel read pulse signal,
so as to control reading twice consecutively for the same address during parallel data reading.
In this preferred embodiment, during the period the internal scan clock signal is at valid level,
the non-valid level of the external serial read-write pulse signal is counted twice by the counter

and taken as the parallel read pulse signal, so as to ensure correct parallel data read.

In another aspect of the present invention, a LCD device is provided, which comprises a
drive integrated circuit, which can be the integrated circuit shown in Fig.6. Wherein, the
SRAM can be built in the drive integrated circuit of the LCD device, while the MCU, driver
chip, and some peripheral devices constitute the driver module of the LCD device. The MCU
performs serial read-write to the data in the memory units of the SRAM when the serial
read-write pulse is at valid level; the driver module of the LCD device reads the data stored in
the SRAM in parallel when both the internal scan clock signal and the parallel read pulse signal

are at valid levels, and display the data on the LCD screen. Wherein, the valid levels of the
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serial read-write pulse signal, the internal scan clock signal, and the parallel read pulse signal

are set as described above, and will not be detailed further here.

Fig.7 shows the structure of the SRAM applied in the present invention. The SRAM can
comprise a plurality of memory units to constitute a matrix memory structure, as shown in
Fig.7, wherein the box enclosed by dotted lines represents a memory unit, which is a 6T
SRAM. Only one memory unit is shown in Fig.7, and if the SRAM comprises a plurality of
memory units, the total storage capacity will be the product of the number of rows and the
number of columns of the matrix. The so-called "parallel read" refers to read out a row of
data selected in the word line; wherein, the pre-charge module is configured to pre-charge the
bit lines on both ends to the same level; the sensitive comparator is configured to compare data
according to the level difference between the bit lines during parallel data reading and store the
data in a data read-out latch. The so-called "serial read-write" is to write the data items one
by one serially through the data bus into the memory units selected by word line and bit line at
the same time in the SRAM, or read the data items one by one from the memory units through
the data bus and then send the data to the MCU, wherein, serial data reading also requires a

sensitive comparator.

The integrated circuit provided in the present invention only comprises a simple logical
gate circuit and a counter, except for a SRAM; therefore, the chip area is reduced greatly, and

the cost and power consumption are reduced further.

While the present invention has been illustrated and described with reference to some
preferred embodiments, the present invention is not limited to these. Those skilled in the art
should recognize that various variations and modifications can be made without departing from

the spirit and scope of the present invention as defined by the accompanying claims.
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Claims
We claim:
1. A method for controlling SRAM data read-write comprises following steps:
writing data into a SRAM in series when a serial read-write pulse signal is at valid level;

performing AND operation or OR operation between the serial read-write pulse signal and
an internal scan clock signal in the SRAM to generate a parallel read pulse signal, and setting
the valid level of the parallel read pulse signal as reverse to the valid level of the serial

read-write pulse signal; and

reading out the data from the SRAM in parallel when both the internal scan clock signal

and the parallel read pulse signal are at valid levels.

2. The method according to claim 1, wherein the valid level of the internal scan clock

signal is set according to whether the operation is AND operation or OR operation:

if AND operation is performed between the serial read-write pulse signal and the internal

scan clock signal, setting high level as the valid level of the internal scan clock signal; and

if OR operation is performed between the serial read-write pulse signal and the internal

scan clock signal, setting low level as the valid level of the internal scan clock signal.

3. The method according to claim 1 or 2, further comprises: reading twice consecutively

for the same memory address during reading data from the SRAM in parallel.

4. An integrated circuit, comprises a SRAM, wherein the integrated circuit further

comprises:

a read-write control circuit, configured to receive a serial read-write pulse signal and an
internal scan clock signal in the SRAM, perform AND operation or OR operation between the
serial read-write pulse signal and the internal scan clock signal in the SRAM to generate a
parallel read pulse signal, and set the valid level of the parallel read pulse signal as reverse to
the valid level of the serial read-write pulse signal, and trigger reading data from the SRAM in

parallel when both the internal scan clock signal and the parallel read pulse signal are at valid

10
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levels.

5. The integrated circuit according to claim 4, wherein the read-write control circuit
comprises an AND gate circuit or an OR gate circuit with two input terminals and one output
terminal, wherein the two input terminals are configured to input the internal scan clock signal
and the serial read-write pulse signal, and the output terminal is configured to output the

parallel read pulse signal.

6. The integrated circuit according to claim 5, wherein the valid level of the internal scan
clock signal is set according to whether an AND gate circuit or an OR gate circuit is comprised

by the read-write control circuit:

if the read-write control circuit comprises an AND gate circuit, the valid level of the

internal scan clock signal is set as high level; and

if the read-write control circuit comprises an OR gate circuit, the valid level of the internal

scan clock signal is set as low level.

7. The integrated circuit according to any one of claims 4-6, wherein the read-write

control circuit further comprises:

a counter, configured to count the parallel read pulse signal, so as to control reading twice

consecutively for the same address in parallel.

8. A liquid crystal display device, comprises a drive integrated circuit, wherein the drive

integrated circuit is the integrated circuit described in any one of claims 4-7.

11
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